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Introduction 
Herbicides are applied directly to soils or plant foliage. 
Interaction of a herbicide with various living and non-living 
components of the environment ultimately determines how quickly 
it dissipates or degrades. Dissipation can be defined as the 
disappearance or loss of herbicide from the target site through a 
number of processes. Herbicide may move from the target site via 
processes such as runoff or leaching, or gradually degrade to 
undetectable or insignificant levels. Degradation, or alteration 
of the herbicide molecule by primarily chemical and biological 
processes, is thus one component of dissipation. Alternatively, 
we can distinguish between the transfer of herbicide molecules in 
soil due to processes such as runoff and leaching, and the 
transformation of the herbicide molecule, due to various 
degradation pathways. Degradation usually results in 
deactivation of the herbicide, while herbicide is not deactivated 
in transfer processes. Processes involved in herbicide 
dissipation include adsorption, degradation through chemical 
reaction, microbial degradation, photodecomposition, leaching, 
runoff, volatilization, and plant uptake. 
Herbicide Dissipation Processes 
Adsorption. The degree of herbicide adsorption to soil particles 
determines the rate or extent of all other, processes that 
transfer or transform the herbicide molecule. Adsorption is 
defined as the reversible binding or attachment of herbicide to 
the surfaces of soil solids, usually clay and organic matter. In 
the soil, herbicide is either adsorbed to clay or organic 
surfaces, or dissolved or suspended in the soil solution. The 
relative proportion of herbicide in each phase is dependent upon 
the amount of clay and organic matter in the soil, soil moisture 
content, and soil pH. As water content increases and clay and 
organic matter content decrease, less herbicide is adsorbed and 
more occurs in the soil solution. This is an important 
relationship, as herbicides are more likely to undergo microbial 
degradation, leaching, plant uptake, or runoff if they are in the 
soil solution. The degree of adsorption is dependent upon 
herbicide characteristics as well. In general, adsorption 
increases as the water solubility of the herbicide decreases. 
Soil pH affects adsorption of a herbicide only if the degree of 
positive or negative charge on the herbicide molecule varies with 
55 
pH. As a herbicide molecule acquires a positive charge, it 
becomes more highly adsorbed to the negatively-charged soil. 
Photodecomposition. Some herbicides are chemically altered, or 
photodecomposed, upon exposure to ultraviolet from the sun. This 
usually results in deactivation of the herbicide. 
Photodecomposition is not a major dissipation pathway for 
herbicides, since it only affects those herbicide residues 
exposed to direct sunlight on the soil or plant surface. 
However, dinitroaniline herbicides are incorporated because of 
susceptibility to photodecomposition. Experimental evidence 
suggests that imidazolinone herbicides can undergo some 
photodecomposition when applied preemergence; this ceases upon 
movement of herbicide into the soil profile with rainfall. 
Microbial degradatio.n. Alteration of herbicides through the 
action of microorganisms is the single most important mode of 
herbicide degradation and dissipation in soils. Even those 
herbicides that undergo initial deactivation by chemical reaction 
will eventually be subjected to microbial action. Microbial 
activity increases with increasing soil organic matter, soil 
temperature, and soil moisture (as long as adequate soil aeration 
is maintained). The rate of herbicide degradation thus increases 
with increasing soil moisture and temperature, and herbicides are 
often more persistent in dry, cold soils where microbial activity 
is limited. Lack of microbial activity in winter months is the 
reason why herbicide concentrations in late fall and early spring 
are often similar. Higher organic matter content does not 
necessarily correlate to more rapid degradation, however. Most 
soils have sufficient organic matter to support an adequate 
microbial population, and the increase in herbicide adsorption 
with increased organic matter content may "protect" the herbicide 
from attack by microorganisms. Soil pH may affect the activity 
of a specific microbial organism; most microorganisms have an 
optimum pH range in which activity is highest. 
Chemical reactions. Degradation of herbicide by chemical 
reaction with non-living soil constituents has a role in the 
dissipation of some herbicides, especially triazines and 
sulfonylureas. These processes include oxidation/reduction 
reactions, ph-dependent hydrolysis, formation of insoluble salts, 
and complexation with certain metals. All can deactivate the 
herbicide, although not all are well understood. Degradation by 
chemical reactions is more rapid at high temperatures, and is 
less affected by soil moisture status and the extent of herbicide 
adsorption than microbial degradation. 
Plant uptake. Herbicide that moves into the plant via root or 
leaf uptake can be metabolized, or inactivated, by the plant. 
Many of the reactions that a pesticide can undergo in the plant 
are similar to those in microorganisms. However, while 
interception of postemergence herbicide spray by plant foliage 
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can be significant, uptake of herbicide by plant roots has a 
minor role in dissipation. 
Leaching. Herbicide movement downward into the soil profile with 
percolating water is known as leaching. Herbicides with high 
water solubility that are weakly adsorbed to the soil are more 
likely to leach than those that are less soluble and more highly 
adsorbed. However, soil characteristics have a larger role in 
determining the extent of leaching than herbicide 
characteristics. Leaching is usually minimal in soils with 
significant amounts of organic matter and clay, since adsorption 
and degradation minimize the amount of herbicide available to 
leach. However, leaching can be substantial in coarse-textured, 
low organic matter soils. 
Runoff. Herbicide can move from treated areas with runoff water 
and eroding sediment. For most herbicides, movement with runoff 
water (dissolved or suspended) accounts for more runoff than 
movement when adsorbed to eroding soil particles. Exceptions to 
this generalization are herbicides with low water solubility, 
such as the dinitroanilines, which are tightly adsorbed to soil. 
The extent of herbicide runoff depends upon slope, soil 
permeability,· the frequency and intensity of rainfall events soon 
after application, tillage system, and some other factors. 
Volatilization. Herbicides can evaporate from soil and plant 
surfaces, or volatilize, and move into the atmosphere. The 
extent of volatilization is determined by the innate volatility 
and adsorptivity of the herbicide, and weather. Volatilization 
increases with increasing air or soil temperature and turbulence. 
While this process does not have a major role in the dissipation 
of most herbicides, thiocarbamate herbicides must be incorporated 
to reduce loss by volatilization. In addition, injury to 
susceptible plants has occurred due to volatilization of 2,4-D, 
dicamba (Banvel), and clomazone ' (Command) from plant and soil 
surfaces. 
Interaction of Specific Herbicides with Soil 
In corn and soybean production, five classes of herbicide 
chemistry contain herbicides that can be persistent to the point 
of causing carryover problems. In the following discussion, 
herbicides are divided into these classes for the purpose of 
examining the soil factors having a major effect on persistence. 
Triazines. Persistent members of this class include atrazine and 
simazine (Princep), with the former of greatest concern due to 
more widespread use. Adsorption of atrazine increases with 
increasing soil organic matter content an decreasing pH. Where a 
field has been subjected to no-till practices for an extended 
period of time, the low pH in the upper few inches of the soil 
profile can result in increased atrazine adsorption and a 
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reduction in weed control. Reduced adsorption in high pH soils 
results in more atrazine available in the soil solution for plant 
uptake, and a potential for crop injury. In addition, 
degradation of atrazine is slower at high pH (>7.3), as the 
chemical reactions responsible for atrazine degradation proceed 
more slowly. Injury to soybeans from atrazine carryover can be 
more severe when metribuzin, another triazine herbicide, is 
applied to the soybeans. Metribuzin, although fairly short-lived 
in soil, is also more available for plant uptake in high pH 
soils. 
Dinitroanilines. Order of persistence in this class of 
herbicides, from most to least, is: trifluralin (Treflan) > 
pendimethalin (Prowl) > ethalfluralin (Sonalan). All three 
herbicides are insoluble in water and highly adsorbed to soil. 
Corn injury due to trifluralin or pendimethalin injury usually 
occurs when plants are under stress from cool, wet conditions 
soon after planting. 
Sulfonylureas. Many new herbicides have been resistered from 
this class of chemistry, and several are persistent in soil. 
However, chlorimuron (Classic) is the herbicide of primary 
concern in most of the Midwest, with regard to carryover. 
Adsorption of chlorimuron increases with increasing organic 
matter content and decreasing pH. Consequently, soybean injury 
should be most likely in low organic matter, high pH soils. 
Soybean injury may be more related to rainfall patterns than soil 
factors, however, as significant injury has usually been observed 
when high rainfall events and extended periods of high soil 
moisture occur as the soybean is germinating and emerging. Soil 
pH is the primary factor affecting chlorimuron persistence. The 
primary mode of degradation is a chemical hydrolysis reaction 
that proceeds rapidly at pH less than 6.8 to 7, and very slowly 
where pH is greater than 7.0. Microorganisms also degrade 
chlorimuron, but not at a sufficiently rapid rate to make up for 
reduced chemical degradation at high pH. Where all other soil 
factors are equal, chlorimuron degradation may be more rapid in a 
low organic matter soil than in a high organic matter soil, due 
to increased adsorption in the latter. 
Clomazone. Clomazone (Command) is the single member of a class 
of chemistry sometimes termed the isoxazolidinones. Clomazone 
can volatilize from soil surfaces and cause injury (bleaching) to 
nearby sensitive plants. This ceases to be a problem upon 
movement of clomazone into the soil profile by mechanical 
incorporation or rainfall. Even where clomazone remains on the 
surface, volatilization is probably not a major pathway of 
dissipation. Clomazone adsorption to soil increases with 
increasing organic matter content primarily, although adsorption 
may increase as clay content increases. Due to greater 
adsorption, clomazone is more persistent in high organic matter, 
fine-textured soils than low organic matter, coarse-textured 
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soils. While pH does not affect clomazore adsorption, the 
specific microorganisms that degrade it apparently become less 
active when pH is less than 5.9. For this reason, the label 
indicates that carryover may be more likely at low pH. 
Imidazolinones. Persistent members of this class of chemistry of 
concern in midwestern crop production are imazaquin (Scepter) and 
imazethapyr (Pursuit). Both herbicides are weakly to moderately 
adsorbed in laboratory adsorption studies, but appear to be more 
tightly adsorbed to soil under field conditions, since leaching 
is minimal. Imazaquin adsorption increases with increasing 
organic matter and clay content, and as pH decreases below about 
6. This results in longer persistence in high organic matter, 
fine-textured, low pH soils than in low organic matter, 
coarse-textured, high pH soils. Imazethapyr adsorption appears 
to increase with increasing clay content and as pH decreases 
below about 6. Laboratory adsorption studies do not show 
imazethapyr adsorption to be affected by soil organic matter 
content. While imazethapyr is more persistent in high organic 
matter, fine-textured soils than low organic matter, 
coarse-textured soils, whether organic matter has a role in 
determining persistence is unclear. Soil pH appears to affect 
persistence as well as adsorption, but the exact nature of the 
relationship between soil pH and persistence is also unclear at 
this point. 
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